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ABSTRACT  Aedes  aegypti  L.  is  the  primary  vector  of  dengue  and  yellow  fever  viruses,  and  use  of 
aerosolized  insecticides  is  one  of  the  primary  ways  to  control  this  medically  important  mosquito. 
However,  few  new  insecticides  have  been  developed  for  mosquito  control  in  recent  years.  As  a  part 
of  our  effort  to  search  for  new  insecticides  to  control  mosquitoes,  toxicities  of  33  carboxamides  were 
evaluated  against  female  A.  aegypti  by  topical  application.  This  group  included  nine  different  cate¬ 
gories  of  compounds,  namely  benzamides,  phenyl-propenamides,  propanamides,  butanamides,  buten- 
amides,  pentanamides,  pentenamides,  hexanamides,  and  hexenamides,  that  exhibited  varying  levels  of 
toxicity  against  this  mosquito  species.  The  most  toxic  compound  tested  was  hexahydro-1-  ( 1-oxohexyl)  - 
IH-azepine,  with  a  24-h  LDgo  value  of  0.4  pg  per  mosquito,  whereas  the  most  toxic  compound  at  the 
LDgg  level  was  N-ethyl-2-methyl-N-phenyl-benzamide  (1.82  pg  per  mosquito).  The  least  toxic  com¬ 
pound  was  N,N-bis  (2-methylpropyl)-3-phenyl-2-propenamide,  with  LDgo  and  LDgg  values  of  15.66 
and  72.07  pg  per  mosquito,  respectively.  Results  from  this  initial  study  may  prove  useful  in  guiding 
further  carboxamide  modifications  for  the  development  of  potential  new  insecticides. 
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Aedes  aegypti  L.  (Diptera:  Culicidae)  transmits  several 
viral  pathogens  of  humans,  including  yellow  fever 
(Gillett  and  Ross  1955,  Philip  1962,  Soper  1967,  Aitken 
et  al,  1977)  and  dengue  (Mattingly  1967,  Rudnick 
1967,  Coleman  and  McLean  1973,  Degallier  et  al. 
1988),  which  can  cause  severe  human  morbidity  and 
mortality.  Although  there  is  a  safe  and  effective  vac¬ 
cine  for  the  yellow  fever  virus,  epidemic  transmission 
still  occurs  in  Africa  with  sporadic  cases  in  South 
America  (Vasconcelos  et  al.  2001;  de  Filippis  et  al, 
2002;  Valero  2003;  Onyango  et  al.  2004a,  b) .  Dengue  is 
the  most  important  arboviral  disease  in  the  world  and 
can  cause  an  undifferentiated  fever,  dengue  fever, 
dengue  hemorrhagic  fever,  or  dengue  shock  syn¬ 
drome  (Malavige  et  al.  2004),  Annually,  dengue  epi¬ 
demics  account  for  several  million  cases  with  thou¬ 
sands  of  deaths  worldwide  (Teixeira  Mda  et  al,  2005) . 

Mosquito  control  in  many  countries  relies  primarily 
on  insecticides.  After  the  introduction  of  synthetic 
organic  insecticides  in  the  1940s  and  1950s,  Ae.  aegypti 
was  eradicated  from  many  countries  in  the  Americas, 
The  Pan  American  Health  Organization  initiated  a 
campaign  to  use  DDT  to  eradicate  Ae.  aegypti  in  the 
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Western  Hemisphere  in  the  late  1940s  (Pinto  Severe 
1955,  Fouque  and  Carinci  1996).  By  1972,  Ae.  aegypti 
had  been  eradicated  from  73%  of  the  land  area  and  19 
countries  (Gubler  1989).  However,  insecticide  resis¬ 
tance  developed  (Brown  and  Pal  1971),  and  the  cam¬ 
paign  ended  in  1972  before  the  goal  of  eradication  was 
achieved.  Generally,  widespread  resistance  to  insec¬ 
ticides  previously  used  to  control  mosquitoes  has  re¬ 
sulted  in  significant  loss  of  efficacy  against  several 
disease  vectors  (Hamdan  et  al.  2005,  Yaicharoen  et  al, 
2005,  Cui  et  al.  2006,  Flores  et  al.  2006,  Jirakanjanakit 
et  al.  2007).  Therefore,  there  is  urgent  need  for  the 
development  of  additional  insecticide  classes  with 
novel  modes  of  action  to  maintain  control  of  patho¬ 
gen-transmitting  mosquitoes. 

The  use  of  repellents  is  a  common  personal  protection 
method  to  prevent  mosquito  bites.  During  the  last  60  yr, 
>25,000  compounds  have  been  evaluated  as  toxicants 
and  repellents  against  mosquitoes  at  the  USDA’s  Center 
for  Medical,  Agricultural  and  Veterinary  Entomology 
(CMAVE)  in  Gainesville,  FL  (Xue  et  al.  2001) .  Recently, 
N,N-diethyl-3-methyl-benzamide  (DEET;  a  carboxam¬ 
ide)  has  been  reported  to  possess  larvicidal  and  adulti- 
cidal  activities  against  mosquitoes  (Xue  et  al.  2003,  Lic- 
ciardi  et  al.  2006) ,  suggesting  that  carboxamides  might  be 
developed  as  toxicants  for  mosquito  control.  As  part  of 
our  effort  to  search  for  new  repellents  for  mosquito 
control,  different  piperidines  (Katritzky  et  al.  2008)  and 
carboxamides  were  synthesized  for  further  optimization 
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as  repellents.  The  structure-activity  relationship  of  the 
piperidines  as  toxicants  has  been  reported  earlier  (Prid- 
geon  et  al.  2007) .  However,  it  is  not  clear  whether  these 
carboxamides  have  insecticidal  activity.  In  this  study,  we 
evaluated  the  insecticidal  toxicity  of  33  carboxamides 
against  female  Ae.  aegypti.  Results  from  this  initial  study 
will  be  useful  for  guiding  further  work  on  carboxamides 
for  the  development  of  novel  efficacious  insecticides. 


Materials  and  Methods 

Mosquitoes.  The  Orlando  strain  of  A.  aegypti  was 
reared  in  the  insectary  of  the  Mosquito  and  Fly  Re¬ 
search  Unit  at  CMAVE,  USDA-ARS.  This  strain  has 
been  colonized  at  CMAVE  since  1952.  Female  mos¬ 
quitoes  were  used  for  all  experiments.  Eggs  were 
hatched  by  placing  a  section  of  a  paper  towel  with  eggs 
in  a  flask  filled  with  1  liter  of  distilled  water  containing 
40  mg  of  larval  diet  (3:2  brewer’s  yeast:liver  powder; 
MP  Eiomedicals,  Irvine,  CA).  The  larvae  from  these 
eggs  were  held  overnight  in  the  flask,  and  200  were 
transferred  to  a  4-liter  plastic  tray  containing  2  liters 
of  deionized  water.  Larval  diet  was  added  to  each  tray 
according  to  the  following  schedule:  day  1,  80  mg;  day 
3,  40  mg;  day  4,  80  mg;  day  5,  120  mg;  and  day  6,  150 
mg.  Mosquitoes  were  reared  in  an  environmental 
chamber  set  with  a  temperature  profile  representing 
a  simulated  temperate  latitude  summer  day  regime 
(ranging  from  22  to  .30°C)  and  80%  RH.  Incandescent 
lighting  was  set  to  a  crepuscular  profile  with  a  pho¬ 
toperiod  of  14:10  (L:D)  h,  including  2  h  of  simulated 
dawn  and  2  h  of  simulated  dusk.  Adults  were  held  in 
a  screened  cage  and  provided  10%  sucrose  ad  libitum. 
Rovine  blood  in  1%  heparin  placed  in  collagen  sausage 
casings  (The  Sausage  Maker,  Ruffalo,  NY)  was 
warmed  to  37°C  and  provided  to  the  females  twice  a 
week.  Eggs  were  collected  on  paper  towels  (Vasco 
Brands,  Elmira,  NY)  that  lined  the  rim  of  water  con¬ 
tainers.  These  egg-laden  papers  were  air  dried  at  27°C 
and  80%  RH  for  24  h  and  stored  in  containers  with 
100%  RH  for  3-30  d. 

Chemicals  and  Bioassays.  All  experimental  carbox¬ 
amides  were  synthesized,  and  the  identities  were  con¬ 
firmed  by  mass  spectrometry  by  the  Center  for  Het¬ 
erocyclic  Compounds  at  the  University  of  Florida 
(Figs.  1-8) .  DEET  was  used  as  a  reference  control  and 
purchased  from  Chem  Service  (Chem  Service,  West 
Chester,  PA).  Each  chemical  was  serially  diluted  in 
acetone  and  topically  applied  to  individual  mosqui¬ 
toes.  Before  application,  5-  to  7-d-old  females  were 
anesthetized  for  «“30  s  with  CO2  and  placed  on  a  4°C 
chill  table  (BioQuip  Products,  Rancho  Dominguez, 
CA) .  A  0,5-p.l  droplet  of  insecticide  solution  was  ap¬ 
plied  to  the  dorsal  surface  of  thorax  using  a  700  series 
syringe  and  a  PR  600  repeating  dispenser  (Hamilton, 
Reno,  NV) .  Six  concentrations  providing  a  mortality 
range  of  0-100%  were  applied  to  25-30  females  per 
insecticide  concentration.  Tests  were  replicated  three 
times.  Control  treatments  with  0,5  pi  of  acetone  alone 
produced  <10%  mortality  in  the  control  mosquitoes. 
After  treatment,  mosquitoes  were  kept  in  plastic  cups 
and  supplied  with  10%  sucrose  solution  for  24  h  when 


N-butyl-N-ethy!-2-methyl-benzamide 


N-ethyl-2-methyl-N-phenyl-benzamide 


N-ethyl-2-methyl-N-(2-methyl-2-propenyl)-benzamide 
Fig.  1.  Chemical  structures  of  the  benzamides. 


mortality  was  recorded.  Temperature  and  relative  hu¬ 
midity  were  maintained  at  26°C  and  80%,  respectively. 
Bioassays  were  conducted  at  26°C  and  80%  RH  and 
replicated  three  times.  Correction  of  mortality  com¬ 
pared  with  controls  was  performed  using  modified 
Abbott’s  formula  (Abbott  1925) .  Bioassay  data  were 
analyzed  using  PoloPlus  probit  analysis  software 
(LeOra  Software,  Petaluma,  CA) .  A  goodness-of-fit 
test  on  dose-response  and  LD5Q/LD95  value  estima- 


N-butyI-N-ethyl-2,2-ciimethyI-propanamide 


1  -( I  -azepanyl)-2, 2 -dimethyl- 1  -propanone 


N-ethyl-2,2-dimethyl-N-(2-methyl-2-propenyl)-propanamide 

Fig.  2.  Chemical  structures  of  the  phenyl-propen- 
amides. 
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N-butyl-N-ethyl-3-phenyl-2-propenamide 


N-ethyl-N,3-diphenyl-2-propenamide 


N,N-bis(2-methylpropyl)-3-phenyl-2-propenamide 

Fig.  3.  Chemical  structures  of  the  propanamides. 


N,N-diisobutyl-3-methyl-crotonamide 


Hexahydro- 1  -(3-methylcrotonoyl)- 1  H-azepine 


N-ethyl-3-methyl-N-(2-methyl-2-propenyI)-2-butenamide 


k 


N-butyI-N-ethyI-3-methyl-2-butenamide 

Fig.  5.  Chemical  structures  of  the  butenamides. 


tion  were  performed  using  the  same  PoloPlus  program 
(Pridgeon  et  al.  2007).  Toxicity  of  compound  is  con¬ 
sidered  significantly  different  when  the  95%  confi¬ 
dence  interval  (Cl)  fails  to  overlap. 


Results  and  Discussion 

DEET  and  3  of  the  33  experimental  carboxamides 
tested  were  benzamide  analogs  (Fig.  1).  Based  on 
LDgo  values,  the  most  toxic  compound  of  this  group 
was  N-butyl-N-ethyl-2-methyl-benzamide,  followed 
by  N-ethyl-2-methyl-N-phenyl-benzamide  (Table  1). 
The  least  toxic  benzamide  was  N-ethyl-2-methyl-N- 


N-butyl-N-ethyl-3-methyl-butanamide 


N,N-diisobutyl-3-methyl'butanamide 


N-cyclohexyl-N-ethyl-3-methyl-butanamide 


N,2-diethyl-N-(2-methyl-2-propenyl)-butanamide 

Fig.  4.  Chemical  structures  of  the  butanamides. 


1  -( 1  -azepany  l)-2-methy  1- 1  -pentanamide 


N-butyl-N-ethyl-2-methyl-pentanamide 


(E)-N-butyl-N-ethyl-2-methyl'2-pentenainide 


(E)- 1  -( 1  -azepanyl)-2-methyl-2-pentenamide 


(E)-2-methyl-N,N-di-2-propenyl-2-pentenamide 


(E)-N-ethyl-2-methyl-N-(2-methyl-2-propenyl)-2-pentenamide 

Fig.  6.  Chemical  structures  of  the  pentanamides  and 
pentenamides. 
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o 


Hexahydro- 1  -( 1  -oxohexyl)- 1  -H-azepine 


o 


N-butyl-N-ethyl-hexanamide 


N-cyclohexyl-N-ethyl-hexanamide 


N-ethyl-N-phenyl-hexanamide 


o 


N-butyl-N-methyl-hexanamide 


o 


N,N-diallyl-hexanamide 


Fig.  7.  Chemical  structures  of  the  hexanamides. 


(2-methyl-2-propenyl)-benzamide.  Based  on  LD95  val¬ 
ues,  the  most  toxic  benzamide  Wcis  N-ethyl-2-methyl-N- 
phenyl-benzamide,  followed  by  N-butyl-N-ethyl-2- 
methyl-benzamide.  The  least  toxic  experimental 
benzamide,  slightly  less  toxic  than  DETIT,  was  N-ethyl- 
2-methyl-N-(2-methyl-2-propenyl) -benzamide.  Oui'  re¬ 
sults  showed  the  following  structure-activity  trend  for 
the  three  benzamide  analogs:  N-butyl  ^  N-phenyl  > 
N-  (2-methyl-2-propenyl) . 


{E)-N,N-di-(2-methylpropyl)-2-hexenamide 


(E)-N-butyl-N-ethyl-2-hexenamide 


0 


(E)-N-cyclohexyl-N-ethyl-2-hexenamide 
Fig.  8.  Chemical  structures  of  the  hexenamides. 


Three  of  the  carboxamides  tested  were  phenyl-pro- 
penamide  analogs  (Fig.  2).  Based  on  LD5Q  and 
LDggvalues,  the  most  toxic  phenyl-propenamide  was 
N-butyl-N-ethyl-3-phenyl-2-propenamide,  followed 
by  N-ethyl-N,3-diphenyl-2-propenamide  (Table  1), 
The  least  toxic  compound  in  this  group  was  N,N-bis 
(2-methylpropyl)-3-phenyl-2-propenamide.  Our  re¬ 
sults  showed  the  following  structure-activity  trends 
for  the  phenyl-propenamides:  N-butyl  >  N-phenyl; 
N-ethyl-N-butyl  >  N-ethyl-N-phenyl  >  N,N-diisobu- 
tyl.  The  structure-activity  trend  of  N-butyl  >  N-phe¬ 
nyl  for  the  phenyl-propenamide  analogues  was  con¬ 
sistent  with  the  results  from  the  structure-activity 
analysis  of  the  benzamide  analogs. 

Three  of  the  carboxamides  tested  were  propanamide 
analogs  (Fig.  3).  The  most  active  propanamide  was  N- 
butyl-N-ethyl-2, 2-dimethyl-propanamide,  followed  by 
l-(l-azepanyl)-2,2-dimethyl-l-propanone  (Table  2). 
The  least  toxic  propanamide  was  N-ethyl-2,2-dimethyl- 
N-  ( 2-methyl-2-propenyl )  -propanamide.  Our  results 
showed  the  following  structure-activity  trend  for  the 
propananiide:  N-butyl  >  N-azepanyl  >  N-(2-methyl-2- 
propenyl).  The  structure-activity  trend  of  N-butyl  > 
N-(2-methyl-2-propenyl)  for  the  propanamide  analogs 
was  consistent  with  results  from  the  structure-activity 
analysis  of  the  three  benzamide  analogs. 

Five  of  the  carboxamides  tested  were  butananiide 
analogs  (Fig.  4).  The  most  active  butanamide  was 
N-butyl-N,2-diethyl-butanamide,  followed  by  N-bu- 
tyl-N-ethyl-3-methyl-butanamide  and  N,N-diisobu- 
tyl-3  -methyl-butanamide  (Table  2).  The  least  toxic 
butanamide  was  N,2-diethyl-N-  (2-methyl-2-prope- 
nyl)  -butanamide,  followed  by  N-cyclohexyl-N-ethyl- 
3-methyl-butanamide  (Table  2).  Our  results  showed 
the  following  structure-activity  trends  for  the  butana¬ 
mide  analogs:  N-butyl  >  N-cyclohexyl;  N-ethyl-N- 
butyl  >  N,N-diisobutyl  >  N-ethyl-N-cyclohexyl, 
N-butyl  >  N-(2-methyl-2-propenyl).  The  N-butyl  > 
N-(2-methyl-2-propenyl)  structure-activity  trend  for 
the  butanamides  was  consistent  with  results  from 
structure-activity  analyses  of  the  propanamide  analogs 
and  the  benzamide  analogs. 

Four  of  the  carboxamides  tested  were  3-methyl-2- 
butenamides  (Fig.  5).  Based  on  LDgg  values,  the  most 
toxic  compounds  of  this  group  were  N,N-diisobutyl- 
3-methyl-crotonamide  and  hexahydro-l-(3-methyl- 
crotonoyl)-lH-azepine,  followed  by  N-ethyl-3-methyl- 
N-(2-methyl-2-propenyl)-2-butenamide  (Table  2). 
The  least  toxic  butenamide  was  N-butyl-N-ethyl-3- 
methyl-2-butenamide.  Based  on  LDgg  values,  the  most 
toxic  compound  of  this  group  was  hexahydro-l-(3- 
methylcrotonoyl)-lH-azepine,  followed  by  N,N-di- 
isobutyl-3-methyl-crotonamide  and  N-ethyl-.3-methyl- 
N-(2-methyl-2-propenyl)-2-butenamide  (Table  2). 
The  least  toxic  butenamide  was  N-butyl-N-ethyl-3- 
methyl-2-butenamide.  Our  results  showed  the  follow¬ 
ing  structure-activity  trend  for  butenamide  analogs:  N, 
N-diisobutyl  S  N-azepine  >  N-ethyl-N-(2-methyl-2- 
propenyl)  >  N-butyl. 

Two  pentanamides  and  four  pentenamides  (Fig.  6) 
were  synthesized  as  carboxamides.  l-(l-Azepanyl)-2- 
methyl-l-pentanone  exhibited  slightly  greater  activity 
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Table  1.  Toxicities  of  benzamides  and  plienyl-propeiiamides  against  adult  females  of  Ae.  aegypti 


Chemical 

LDso  (95% 

LDgs  (95%  01)“-*’ 

Slope 

(SE) 

/ 

N ,N-diethy l-.3-methy  1-benzamide  ( DEET) 

2.69  (2.27-3.23) 

6.89  (5.26-10.83) 

4.03  (0.60) 

1.73 

N  -buty  1-N-ethy  1-2-methyl-benzamide 

0.47  (0.3.5-0.63) 

3.36  (2.1.5-6.79) 

1.93  (0.26) 

1.25 

N-ethyl-2-methyl-N-phenyl-benzamide 

0.59  (0.48-0,71) 

1.82  (1.37-2.87) 

3.34  (0.45) 

3.36 

N-ethyl-2-methyl-N-(2-methyl-2-propenyl) -benzamide 

3.14  (  2.65-3.72) 

7.16  (5.60-11.19) 

4.60  (0.77) 

0.35 

N-butyl-N-ethyI-3-phenyl-2-propenamide 

1.98  (1.7.5-2.26) 

4.77  (3.84-6.72) 

4.30  (0..55) 

3.61 

N-ethyl-N, 3-diphenyl-2-propenamide 

3.21  (2.07-4.05) 

9.78  (7.26-19.71) 

3.40  (0,80) 

0.39 

N,N-bis  (2-methylpropyl)  -3-phenyl-2-propenamide 

15.66  (8.97-24,64) 

72.07  (39.73-385.76) 

2.48  (0,37) 

3.82 

°  LD50  and  LD95  values  are  in  units  of  micrograms  of  pesticide  per  mosquito. 

^  95%  Cl,  toxicity  of  repellent  is  considered  significantly  different  when  the  95%  Cl  fails  to  overlap. 


against  female  Ae.  aegypti  compared  with  N-butyl-N- 
ethyl-2-methyl-pentanamide  (Table  3) .  All  four  penten- 
amides  showed  lower  toxicity  than  the  two  pentana- 
mides  (Table  3).  The  most  active  pentenamide  was 
(E)  -N-butyl-N-ethyl-2-methyl-2-pentenamide,  followed 
by  (E)-l-(l-azepanyl)-2-methyl-2-pentenamide  and 
(E)  -2-methyl-N,N-di-2-propenyl-2-pentenamide.  The 
least  toxic  pentenamide  was  (E)-N-ethyl-2-methyl-N- 
(2-methyl-2-prpenyl)-2-pentenamide  (Table  3).  Our  re¬ 
sults  showed  the  following  structure-activity  trends: 
2-methyl-pentanamide  >  2-methyl-2-pentenamide; 
N-ethyl-N-butyl  >  N-azepanyl  >  N,N-di-2-propenyl  > 
N-ethyl-N-  (2-methyl-2-propenyl) . 

Six  hexanamide  analogs  (Eig.  7)  were  synthesized. 
Based  on  LDgQ  values,  the  most  toxic  compound  was 
hexahydro-l-(l-oxohexyl)-lH-azepine,  followed  by 
N -butyl-N-ethyl-hexanamide,  N -cyclohexyl-N -ethyl- 
hexanamide,  and  N-ethyl-N-phenyl-hexanamide.  The 
least  toxic  hexanamide  was  N,N-diallyl-hexanamide, 
followed  by  N-butyl-N-methyl-hexanamide  (Table 
3).  Based  on  LDgg  values,  the  most  toxic  compounds 
were  N-cyclohexyl-N-ethyl-hexanamide  and  N-ethyl- 
N-phenyl-hexanamide,  followed  by  N-butyl-N- 
methyl-hexanamide,  N-butyl-N-ethyl-hexanamide, 
and  hexahydro-l-(l-oxohexyl)-lH-azepme.  The  least 
toxic  hexanamide  was  N,N-diallyl-hexanamide  (Table 
3) .  Our  results  showed  the  following  structure-activity 
trends  for  the  hexanamides:  N-azepine  >  N-ethyl-N- 
butyl  >  N-ethyl-N-cyclohexyl  >  N-ethyl-N-phenyl  > 


N-methyl-N-butyl  >  N,N-diallyl;  N-butyl  >  N-cyclo- 
hexyl  >  N-phenyl;  N-ethyl  >  N-methyl. 

Three  hexenamide  analogs  (Fig.  8)  were  synthe¬ 
sized,  with  the  most  toxic  compound  as  (E)-N,N-di- 
(2-methylpropyl)-2-hexenamide,  followed  by  (E)-N- 
butyl-N-ethyl-2-hexenamide  (Table  3).  The  least 
toxic  of  these  three  analogs  was  (E)-N-cyclohexyl-N- 
ethyl-2-hexenamide  (Table  3) .  Our  results  showed  the 
following  structure-activity  trends  for  the  hexen¬ 
amide:  N,N-di-(2-methylpropanyl)  >  N-ethyl-N-bu¬ 
tyl  >  N-ethyl-N-cyclohexyl;  N-butyl  >  N-cyclohexyl. 
The  N-butyl  >  N-cyclohexyl  structure-activity  trend 
for  the  hexenamides  was  consistent  with  the  results 
from  the  structure  activity  of  the  hexanamides,  pro¬ 
panamides,  and  benzamide  analogs. 

Our  bioassay  results  also  showed  that  the  dose- 
response  of  Ae.  aegypti  to  the  carboxamides  tested  was 
statistically  normal  because  the  majority  of  the 
values  were  between  O.fO  and  9.49.  The  critical 
values  for  two-tailed  distribution  (a  =  0.0.5)  are  0.10 
and  5.99  (df  =  2) ,  0.35  and  7.82  (df  =  3) ,  and  0.71  and 
9.49  (df  =  4) .  The  relatively  high  slope  and  SE  values 
(Tables  1-3)  compared  with  field  mosquitoes  (Liu  et 
al.  2004)  suggest  that  our  Orlando  strain  of  mosquito 
was  relatively  homozygous  in  response  to  these  car¬ 
boxamides,  whereas  the  field  mosquitoes  were  rela¬ 
tively  heterozygous  in  response  to  chemicals  (Liu  et 
al.  2004). 


Table  2.  Toxicities  of  propaiiamides,  butanaiiiides,  and  bulenamides  against  adult  females  of  Ae.  aegypti 


Chemical  (9.5%  a)"-*’  LD^g  (95%  / 


N ,N-diethyl-3-methy  1-benzamide  ( DEET) 

2.69 

(2.27-3.23) 

6.89 

(5.26-0.83) 

4.03 

(0.60) 

1.73 

N-butyl-N-ethyl-2, 2-dimethyl-propanamide 

1.27 

(0.97-1.71) 

9.72 

(5.81-22.53) 

1.86 

(0.25) 

3.20 

1  -  ( 1  -azepanyl )  -2,2-dimethyl-l-propanone 

4.33 

(3.30-5.28) 

12.73 

(9,32-24,74) 

3.51 

(0.73) 

0.58 

N-ethyl-2,2-dimethyl-N-  (2-methyl-2-propenyl)  -propanamide 

9.4,5 

(7.,50-11.42) 

25.64 

(19.16-46,16) 

3.79 

(0.74) 

0.81 

N  -buty  1-N  ,2-diethy  1-butanamide 

0.76 

(0.38-1.21) 

4.02 

(2.18-24.45) 

2.78(0.37) 

3.48 

N-buty  1-N-ethy  1-3-methyl-butan  amide 

1..50 

(1.19-1.91) 

5.87 

(4,09-10.34) 

2.78 

(0.36) 

1.96 

N,N-diisobutyl-3-methyl-butanamide 

2.18 

(1.74-2.71) 

7.54 

(5.39-13.46) 

3.0.5 

(0.48) 

0.66 

N -cyclohexyl-N -ethyl-3-methy  1-butanamide 

3.63 

(2.75-4.20) 

8.59 

(6..53-20.18) 

4.39 

(1.21) 

0.13 

N,2-diethyl-N-  (2-methyl-2-propenyl)  -butanamide 

4.29 

(3.48-5.69) 

13.66 

(8,93-34,98) 

3.27 

(0.67) 

0.87 

N,N-di-isobutyl-3-methyl-crotonamide 

1.48 

(1.06-1.88) 

6.23 

(4.28-13.08) 

2.63 

(0.,50) 

0.96 

Hexahydro-l-(3-methylcrotonoyl)-lH-azepine 

1.59 

(1.21-1.82) 

3.11 

(2.62-4.67) 

5.64 

(1.33) 

0.46 

N-ethyl-3-methyl-N-(2-methyl-2-propenyl)-2-butenamide 

2.41 

(1.94-3.06) 

9.84 

(6.44-22,53) 

2.69 

(0.48) 

1.52 

N-butyl-N-ethyl-3-methyl-2-butenamide 

4.00 

(3.08-5.77) 

18.21 

(10.11-88.04) 

2..50 

(0.61) 

0.16 

°  LD50  and  LD95  values  are  in  units  of  micrograms  of  pesticide  per  mosquito. 

^  95%  Cl,  toxicity  of  repellent  is  considered  significantly  different  when  the  95%  Cl  fails  to  overlap. 


March  2010 


PRroGEON  ET  AL.;  CARBOXAMIDES  Toxicities  Against  Ae.  aegypti 


111 


Table  3. 


Toxicities  of  pentaiiamides,  penteiiamides,  hexanamides,  and  liexenainides  against  adult  females  of  Ae.  aegypti 


Chemical 

LD50 

(95%  CI)“-^ 

LDgt 

s  (95%  CI)“-'’ 

Slope 

(SE) 

/ 

N ,N-diethy  1-3-methy  1-benzamide  ( DEET) 

2.69 

(2.27-3.23) 

6.89 

(5.26-10.83) 

4.03 

(0.60) 

1.73 

1-  (1-azepanyl)  -2-methyl-l-pentanone 

0.71 

(0.52-0.90) 

3.32 

(2.26-6.72) 

2.45 

(0.42) 

1.78 

N-butyl-N-ethyl-2-methyl-pentan  amide 

1.01 

(0.79-1.27) 

4.29 

(3.00-7.71) 

2.62 

(0.38) 

1.23 

(E)  -N-butyl  -N-ethyl-2-methyl-2-pentenamide 

3.13 

(2.73-3.49) 

6.30 

(5.2.5-8.91) 

5.41 

(0.95) 

0.47 

(E)  -1-  ( 1-azepanyl)  -2-methyl-2-pentenamide 

3.92 

(3.36-4.41) 

7.72 

(6.37-11.59) 

5.58 

(1.13) 

0.10 

(E)-2-methyl-N,N-di-2-propenyl-2-pentenamide 

5.77 

(4.66-6.67) 

14.81 

(11..56-2.5.16) 

4.02 

(0.81) 

0.38 

(E)  -N-ethyl-2-methyl-N-  (2-methyl-2-propenyl)  -2-pentenamide 

7.21 

(6.19-8.01) 

12.40 

(10.68-16.89) 

6.98 

(1.42) 

0.27 

Hexahydro-l-(l-oxohexyl)-lH-azepine 

0.40 

(0.20-0.62) 

11.40 

(5.24-.56.34) 

1.13 

(0.22) 

1.07 

N  -buty  1-N-ethy  1-hexanamide 

0.71 

(0.55-0.93) 

4.86 

(3.16-9.28) 

1.97 

(0.23) 

3.65 

N -cy  clohexy  l-N -ethy  l-hexanamide 

0.75 

(0.60-0.92) 

3.23 

(2.31-.5.41) 

2.58 

(0.32) 

2.11 

N-ethy  1-N -phenyl-hexanamide 

0.98 

(0.76-1.23) 

3.55 

(2..57-6.01) 

2.94 

(0.43) 

1.06 

N  -buty  1-N -methy  l-hexanamide 

1.65 

(1.36-1.99) 

4.69 

(3..54-7.59) 

3.63 

(0.56) 

1..52 

N  ,N-diallyl-hexanamide 

3.04 

(2.45-3.94) 

12.29 

(8.12-2.5.22) 

2.71 

(0.41) 

0.37 

(E)  -N,N-di-  (2-methylpropanyl)  -2-hexenamide 

1.66 

(1.04-2.09) 

5.05 

(3.7.5-10.72) 

3.41 

(0.85) 

0.01 

(E)-N-n-butyl-N-ethyl-2-hexenamide 

2.40 

(1.75-2.81) 

5.76 

(4.6.5-9.54) 

4.31 

(0.99) 

0.47 

(E)-N-cyclohexyl-N-ethyl-2-hexenamide 

4.16 

(3.69-4.62) 

7.42(6.23-10.75) 

6.52 

(1.30) 

0.60 

°  LD50  and  LD95  values  are  in  units  of  micrograms  of  pesticide  per  mosquito. 

^  95%  Cl,  toxicity  of  repellent  is  considered  significantly  different  when  the  95%  Cl  fails  to  overlap. 


The  modes  of  action  of  the  carboxamides  tested 
here  are  currently  unknown.  However,  it  has  been 
reported  that  the  mode  of  action  of  carboxamide 
tebufenpyrad  [  N-  ( 4-tert-butyl-benzyl)  -4-chloro-3- 
ethyl-l-methylpyrazole-5-carboxamide]  is  a  mito¬ 
chondrial  electron  transport  inhibitor  (METI)  (Mar- 
cic  2005,  Van  Pottelberge  et  al.  2008) ,  Sixteen  of  the  33 
experimental  carboxamides  had  significantly  lower 
LD5Q  values  than  DEET  (LD50  =  2.69  p,g/ mosquito), 
and  8  were  especially  toxic,  with  LD50  values  <1 
p-g/  mosquito.  Based  on  LDgg  value,  N-ethyl-2-methyl- 
N-phenyl-benzamide  was  the  most  toxic  compound 
tested  (LDgg  =  1.82  pg/mosquito),  suggesting  that 
carboxamides  might  serve  as  novel  toxicants  for  mos¬ 
quito  control.  However,  greater  carboxamide  concen¬ 
trations  would  be  needed  because  the  LDgg  values 
were  much  grater  than  permethrin  (LDgg  =  0.00014 
pg/ mosquito;  Pridgeon  et  al.  2007).  Whether  these 
carboxamides  are  also  mitochondrial  electron  trans¬ 
port  inhibitors  and/ or  efficacious  against  pyrethroid- 
resistant  mosquitoes  merit  further  study. 
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